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1. Introduction. - The nature of defects in pure and doped compounds with the fluorite structure at low defect concentrations have been principally determined from conductivity data [l-61. In common with other fluorites the predominant intrinsic defects in strontium chloride are of the anion Frenkel type. Doping with monovalent cations leads to an enhancement of ionic conductivity and has led to proposals that alkali cations occupy regular cation sites with charge compensation by anion vacancies. Recently, however, it has been suggested that alkali cations on interstitial sites must also be considered [5] .
In this paper we report a general survey of defect energetics in pure and anion-deficient strontium chloride using defect energy calculations, with particular emphasis on the question of the mode of solution of monovalent dopants.
2. Technique. -In our calculations of defect energies we have used the HADES program 17, 81. As in earlier work on alkaline-earth fluorides [9] our lattice potential is based on the ionic model, shortrange interionic interactions are described by a Born-Mayer potential and ionic polarization is treated using the shell model. The parameters for this model (Table I) were derived from experimental data (see [lo] ) using the same techniques as those employed for the alkaline-earth fluorides [9] . For interactions between alkali cations and anions we have used potentials derived by Catlow et The results for defect migration mechanisms (Table 11 ) resemble those for the alkaline-earth fluorides [9] . We find that the activation energy for anion vacancy migration is lower than those for anion interstitial migration and that, for the latter, the interstitialcy mechanism has a lower activation energy than a direct ( 110 ) jump even when relaxation of adjacent anions is taken into account. The calculated value for vacancy migration is in good agreement with experimental values but that for interstitial migration is underestimated -a feature The most favourable mode (C) is that in which M f enters the lattice both as a substitutional and an interstitial. This would seem to be in contradiction with the results of conductivity studies which indicate that the predominant defects are cation substitutional~ and anion vacancies, i.e. mode B. However we need to consider equilibria between the various point defects. The simplest equilibrium that we might expect is that between defects formed by modes B and C, Gervais et al. [5] (see also [12] ) suggest that an equilibrium of the type may occur at high dopant concentrations. We find that for NaCl the formation of an alkali cation interstitial and a strontium vacancy is unfavourable by 2.98 eV. Elimination of the cation vacancy and two anion vacancies leads to the gain of the Schottky energy and the overall reaction corresponds to our mode C. A satisfactory thermodynamic model for the distribution of point defects must include defect pair formation and entropy terms. In addition, kinetic factors associated with the mobility of alkali cations may prevent thermodynamic equilibrium to be attained. We have therefore used the calculated defect-pair binding energies (Table V) with those reported above in a simple mass action treatment of the defect equilibria [13] to obtain the distribution of defects as a function of dopant concentration and temperature. The results for Sr(Na)C12-, are plotted in figure 1 as the log of the number of unbound vacancies versus 1/T for three dopant levels. Four distinct regions can be identified : 1) At high temperatures the number of vacancies is determined mainly by the Frenkel energy and in this region the defects are predominantly intrinsic.
2) At intermediate temperatures the number of vacancies is equal to the number of dopant cations. The dopant cations exist in the form of substitution a l~ with anion vacancy compensation i.e. mode B without defect pair formation.
3) At lower temperatures the formation of defect pairs and the equilibrium between modes B and C become important. Vacancy compensation of the substitutional is replaced by dopant interstitial compensation. The pronounced curvature of the plot reflects the departure from simple Arrhenius-type behaviour.
4) The curves for all dopant concentrations tend to a common straight line at lower temperatures; in this region the dopant is in the form of approximately equal numbers of cation substitutionals and cation interstitials, i.e. mode C.
Two approximations that we have used will alter the detail of our results. Firstly the potentials used for the calculations were obtained from experimental data appropriate to low temperatures. e.g. the elastic constants were values extrapolated to 0 K. We would expect defect energies to change with temperature. Secondly, we have assumed that, for a particular temperature, all the point defects and point defect pairs are in thermodynamic equilibrium. However a factor which is of importance at low temperatures is the activation energy for alkali cation migration. Our calculations show that such activation energies are high (-1.8 eV) so equilibrium conditions might not be attained and the level of neutral pairs of alkali substitutionals and interstitials may not be as large as equilibrium values. Thus we would expect mode B to persist to lower temperatures than our results suggest.
4.
Conclusion. -Our calculated energies of point defects in strontium chloride show that the intrinsic defect parameters closely resemble those of other fluorites with an anion Frenkel energy of 2 eV. For monovalent doped crystals at high temperatures vacancy compensation dominates but at lower temperatures the vacancies are replaced by dopant interstitial~ as the dominant charge compensator. The cation interstitials, as well as playing a significant role in transport properties, are also important in stabilizing colour centres [14, 151. 
